This paper presents an assessment of the impact of uncontrolled and unscientific disposal of MSW on ground water in Dhanbad city, India. In this study, ground water quality around municipal solid waste disposal sites was investigated. Ground water quality analysis was carried out on samples collected at various distances from two disposal sites. The study has revealed that the ground water quality near dumping sites does not conform to the drinking water quality standards as per IS:10500. The impacts of indiscriminate dumping activity on ground water appeared most clearly as high concentrations of total dissolved solids, electrical conductivity, chlorides, chemical oxygen demand, and sulphates. High amount of metals like Na, K, Ca, Mg, Cd, Cu, Ni, Fe, Zn and Mn has also been detected in the groundwater samples near dumping area. Leachate characterization study also reveals high potential for groundwater contamination. Presence of feacal coliform contamination in groundwater samples indicates potential health risk for individuals exposed to this water.
Introduction
In developing countries like India per capita waste generation rates range from 0.2 to 0.6 kg/capita/day which is much lower compared to developed countries. Dhanbad, coal capital of India, had population of 2,684,487 out of which 1,560,394 constitutes urban population. (Census, 2011) . As there is no quantification of waste generated in the Municipal Corporation of Dhanbad, the estimates indicate that around 440 tons of waste is generated every day in the Municipal Corporation jurisdiction and the collection is about 165 tons (about 37 percent of the total waste generated). The waste produced comprises of 286 MT d -1 of domestic waste, 110 MT d -1 of commercial and hotel waste, and 44 MT d -1 of market waste. The per capita waste generation from the DMC is assumed as 300 gm per capita per day as per CPHEEO norms. Accordingly, solid waste generation for 2026 is estimated at 776 MT (JNNURM, 2007) . Currently, Dhanbad does not practice any scientific method of solid waste disposal. The waste collected from various localities in the Municipal Corporation is directly disposed off by open dumping on the low-lying area in the city. Solid wastes generated from all sanitary circles are disposed off at different localities. The current practices of the uncontrolled dumping of waste on the outskirts and inside Dhanbad have created a serious environmental and public health problem. Improper solid waste management leads to substantial negative environmental impacts (for example, pollution of air, soil and water, and generation of greenhouse gases from landfills), and health and safety diseases associated with different forms of pollution at local and global levels.
A number of incidences have been reported in the past, where leachate had contaminated the surrounding soil and polluted the underlying ground water aquifer or nearby surface water (Chain and DeWalle, 1976; Kelley, 1976; Lo, 1996; Mor et al., 2006) . Even if there are no hazardous wastes placed in municipal landfills, the leachate is still reported as a significant threat to the groundwater (Lee, 2002) . Contamination of groundwater resources due to improper solid waste disposal have been reported in many cities in India like Kanpur, Delhi and Chennai (Gopal et al., 1991; Olaniya et al., 1998; Kumaraswamy et al., 2000; Mor et al., 2006; Vasanthi et al., 2008) . Since leachates are one of the major potential sources of ground water pollution when there is uncontrolled and unscientific disposal of MSW, the aim of the present study was to evaluate the impacts of leachate percolation on ground water quality in Dhanbad city.
Objectives
The primary goal of the study is to assess the impacts of careless dumping of MSW on ground water quality in Dhanbad city and to propose few remedial measures by suggesting proper MSW management techniques for Dhanbad city.
Material and Methods

Study Area
Dhanbad district of Jharkhand, also known as the "Coal Capital of India", lies between latitudes 23°39′N and 23°48′N and longitudes 86°11′E and 86°27′E, covering an area of 450 km 2 . Giridih bound it in the north, Bokaro in the west, Purulia district in the south and Jamtara district in the east. It is connected through NH-2 and NH-32 from state capital and different district headquarters of the state. Dhanbad has an average elevation of 227 m (745 ft). Its geographical length (extending from North to South) is 43 miles and the breadth (stretching across East to West) is 47 miles. It shares its boundaries with West Bengal in the Eastern and southern part, Dumka & Giridih in the North and Bokaro in the west. Dhanbad comes under the Chota Nagpur Plateau. Dhanbad features climate that is transitional between a humid subtropical climate and a tropical wet and dry climate. The average summer temperature is 44.5 °C and winter average is 20 °C. The relative humidity during monsoon i.e. July-September may be as high as 100%, while in summer months i.e. April-June, it decreases to as low as 20%. Dhanbad areas receive more rainfall due to coal dust, which attracts clouds and brings rainfall to the area. The annual average rainfall for the last 10 years is 1598 mm per year. Damodar River is the main river flowing through the District. Katri, Jamunia, Gobai, Khudia and Irji are the other rivers flowing through the district (Fig. 1) .
Sampling Locations
In current study two dumping locations were identified inside city (a) near cremation ground in Hirapur area (b) dump near vegetable and meat market in Police Line. The dumping sites recognized were residential as well a commercial area. The dumping sites are shown in figure 2 as landfill Site-1 and Landfill Site-2 (marked in red circles). Groundwater samples were collected from nearby hand pumps such that they lie at a lower elevation from dumping points assuming that they lie down stream of dumping points. Two groundwater samples (S1 & S2) were collected near dumping site-1 while one IMPACTS OF LEACHATE PERCOLATION ON GROUND WATER QUALITY 3 groundwater sample (S3) was collected near dumping site-2. Groundwater sample collected from Indian School of Mines (S4) served as a control sample as it lies in upstream of the landfill site/dumping site under consideration and may not be impacted by leachate percolation from landfill sites. The location of sampling points is depicted in Figure 2 .
Figure 1. Map showing location of Dhanbad
Collection Procedure
For characterization of municipal solid waste grab samples were collected from the two dumping locations. 1-2 kg of sample (approx.) was collected and sealed in plastic bags. A total of ten representative solid waste samples, from each dump, were collected for characterization. The samples were brought at laboratory, and mixed. A representative amount of sample was taken from the mixed solid waste and sorted for characterization. The weight fraction of each component in the sorted sample was calculated. The mean waste composition was calculated using the results of the composition of each of the sorted samples. After manual sorting the MSW was classified into the following categories: The total amount of collected Municipal solid waste sample from Police Line and dumping site in Hirapur was weighed in laboratory and it was found to be 34.8 kg. During compositional study, the segregated sample was found to have different waste components like food, yard waste, plastic, paper, wood, textile, tin, dirt and miscellaneous wastes. Groundwater samples were collected in HDPE bottles (Tarsons, India) with 1 litre capacity for routine analysis. Samples were also collected in 250 ml bottles 4 PANDE et al.
and preserved with concentrated HNO3 to bring the pH below 2 for analysis of heavy metals in water samples. All samples were collected during winter season.
Figure 2. Map showing sampling locations and groundwater flow directions
Leachate Extraction
Near the dumping ground no leachate was found, hence, two leaching test protocols have been used to simulate the leaching processes of waste materials in landfill or other disposal scenarios to evaluate potential risks to human and/or groundwater. Toxicity Characteristic Leaching Procedure (TCLP; US EPA Method 1311 Method , 2001 ) and open column percolation tests or lysimeter test (Karnchanawong and Yongpisalpop, 2009 ) have been used for simulation of leaching from municipal solid waste. The TCLP, or Toxicity Characteristic Leaching Procedure is designed to determine the mobility of both organic and inorganic analytes present in liquid, solid, and multiphasic wastes. This is usually used to determine if a
waste may meet the definition of EP Toxicity, that is, carrying a hazardous waste code under RCRA (40 CFR Part 261) of D004 through D052. Millipore rotary agitator, 4, 2-liter bottle extractor (YT30ORAHW) was used for the extraction. The solid waste sample was milled/ crushed/ grinded with the help of one roll crusher so as to pass through 9.5 mm (0.375 inch) standard sieve. TCLP extraction fluid was prepared by mixing 5.7 ml acetic acid to 500 ml of reagent water and adding 64.3 ml of 1 N NaOH solution and diluting the whole solution up to 1 l and the pH was adjusted to 4.99. 50 g of MSW fine fraction was added with 1 l of extraction fluid in TCLP bottles and rotated at a speed of 30 RPM for 18 h in TCLP extractor. Filtered extracts were preserved for analyses. For soluble heavy metal analysis, these filtered leachates were preserved with a drop of conc. nitric acid.
A column or Lysimeter test has also been used for simulation of leaching from waste. This test is often called a dynamic test as the leaching solution is under continuous flux and may be more representative of field conditions. This test involves the placement of waste material in a column or Lysimeter in compacted manner and then the addition of leaching solution to the material to produce leachate. Leaching solution used here was distilled water. 60 days leachate was collected, filtered and was preserved with a drop of conc. nitric acid for analysis. However, controlling experimental conditions for this test is not easy. Some operational problems, such as channeling and clogging of the column, may result.
Analysis of Quality of Ground water and Leachate
Since the leachate is reported as a significant threat to the groundwater (Lee, 2002) , therefore leachates along with the ground water samples were analyzed for various physico-chemical and biological parameters to assess the water quality and leachate characteristics. Standard procedures as mentioned in (APHA, 1998) were used to determine color, turbidity, pH, electric conductivity, total dissolved solids, total suspended solids, total hardness, calcium hardness, magnesium hardness, total alkalinity, chlorides, fluorides, nitrates, sulphates, cyanide, phenol, soluble COD, sodium, potassium, calcium, magnesium, and heavy metals. Along with this, the samples were also analyzed for Microbial presence. MPN (Most Probable Number) test was done to detect the coliforms in the samples of water. MPN Test for Total Coliforms was done by following the procedure as mentioned in code 9221, B, (APHA, 1998). Heavy metals like cadmium, copper, lead, nickel, iron, zinc, manganese and cobalt concentration levels were determined using Atomic Absorption Spectrophotometer (AAS), GBC Avanta. AAS standards from Merck were used for the calibration and standardization.
Results and Discussions
Waste Composition
The results of the waste physical composition analysis for Dhanbad city are shown in Table 1 . The main categories of waste identified were papers and plastics which share about 50% of total MSW. Putrescibles represent 21%, followed by textile, tin and wood with a share of 0.76%, 0.55% and 0.42% respectively. A large share (28%) is contributed by dirt which is also a considerable fraction in MSW.
Characteristics of TCLP & Lysimeter extractions
The characteristics of the leachate samples, as obtained from TCLP analysis and Lysimeter tests, have been presented in Table 2 . Tchobanoglous et al. (1993) ) in the leachate sample indicates that Fe and steel scrap are also dumped in the site. The dark brown color of the leachate is mainly attributed to the oxidation of ferrous to ferric form and the formation of ferric hydroxide colloids and complexes with fulvic/ humic substance (Chu et al., 1994) . The presence of Zn (0.136-0.509 mg l -1 ) in the leachate shows that the landfill receives waste from batteries and fluorescent lamps (Mor et al., 2006) . Pb was reported as 0.324 mg l -1 , the presence of Pb in the leachate samples indicates the disposal of Pb batteries, chemicals for photograph processing, Pb-based paints and pipes at the landfill site (Mor et al., 2006) . Cu (0.10 mg l . A variety of waste is dumped which likely indicate the origin of Zn, Pb, Cr, Cu and Ni in leachate (Mor, et al., 2006) . The high heavy metal concentrations in leachate indicate potential for groundwater contamination below the landfill site as the site studied was unlined and unprotected. To assess the impact of improper dumping on groundwater, the quality of groundwater was determined in further studies.
Ground Water Quality
To study the possible impacts of leachate percolation on groundwater quality, concentration of various physico-chemical parameters including heavy metal (Cd, Co, Cu, Fe Ni, Pb and Zn) concentration and microbiological parameters (total coliforms) were determined in groundwater samples. In addition with assessment of ground water quality near dumping site, its comparison with the ground water quality of a far away area from dumping site, i.e. at Indian School of Mines, was done to validate the probable impacts. Results have been shown in Table 3 . The underground water of the studied area is used for domestic and other purposes. The pH of all the groundwater samples was about neutral, the range being 6.63 to 7.81. Turbidity of sample 1 was found as 7.50 NTU, it shows higher amount of suspended and colloidal solids. EC for samples S1, S2 & S3 were found high. High values of EC can be correlated with high amounts of dissolved solids. TDS indicates the general nature of water quality or salinity. The TDS for samples S1 and S2 was observed quite high, 750 mg l -1 and 906 mg l -1 respectively. As per the classification of Rabinove et al., (1958) based on TDS, both the above samples were non-saline. This high value of TDS may be due to the leaching of various pollutants into the groundwater. Olaniya and Saxena, (1977) also reported the groundwater pollution from refuse in the vicinity of the dumping sites detectable through increased TDS concentration of water. The high concentrations of TDS decrease the palatability and may cause gastro-intestinal irritation in human and may also have laxative effect particularly upon transits. The concentration of Total Alkalinity as CaCO3 in groundwater was reported as 320 mg l -1 and 326 mg l -1 for samples S1 and S2 respectively. Water within the approximate pH range of 4.3 to 8.3 contains bicarbonate alkalinity and weak acids such as carbonic acid (carbon dioxide in solution) can also exist. Natural processes such as the dissolution of carbonate minerals and dissolution of CO2 gas from the atmosphere and soils could be a mechanism, which supply HCO3 -into the groundwater. In addition, anthropogenic CO2 gas can be considered as a potential source of bicarbonate in groundwater. Potential sources of CO2 gas are, CO2 gas originating from municipal wastes within unlined landfill sites, CO2 gas due to the oxidation of organic materials leaked from old latrines and sewage systems in the downtown area, and HCO3
-from sulfate reduction of organic materials in the aquifer. The high alkalinity imparts water with unpleasant taste, and may be deleterious to human health with high pH, TDS and TH. Hardness is classified in two ways: (1) with respect to metallic ion and (2) with respect to the anions associated with the metallic ions. . The high concentration of Na + may pose a risk to persons suffering from cardiac, renal and circulatory disease. K + has been reported to be an indication of the leachate effect (Ellis, 1980) . The concentration of K + in the water samples were obtained quite low. The concentration of anions Cl -, F -, NO3 -, SO4 2-in the groundwater samples were found within the prescribed limit. Phenol was also observed as below detection limits in water samples along with cyanides. COD is a measure of oxygen equivalent to the organic matter content of the water susceptible to oxidation by a strong chemical oxidant and thus is an index of organic pollution. The COD level in the groundwater samples varied from 25 to 32 mg l -1 , indicating the presence of organic contaminants in the water and can be used as organic indicators to assess the groundwater pollution caused by dumping of MSW. The groundwater samples were analyzed for heavy metal such as Cu, Fe, Zn, Co, Ni, Pb, Cd, Mn. Sample 1 was found to have Iron as 0.431 mg l -1 which was beyond the permissible limit (0.3 mg l -1 ) prescribed by IS: 10500. Presence of Fe in water can lead to change of color in groundwater. They can cause objectionable taste and appearance in water. Further 0.04 mg l -1 of Cd was found in the same sample of ground water which was also observed exceeding the prescribed limit of 0.003 mg l -1 . Cd is highly toxic in nature. It may cause toxic effects in kidney. However other heavy metals were found in the prescribed limits. Presence of these heavy metals in ground water is showing the serious toxic risks of contamination due to percolation of leachate. The concept of coliforms as bacterial indicator of microbial water quality is based on the premise that coliforms are present in high numbers in the faeces of humans and other warm-blooded animals. If faecel pollution enters in groundwater, it is likely that these bacteria will be present, even after significant dilution. Results have shown the presence of TC in sample 2 and sample 3, indicating the contamination of groundwater possibly due to leachate percolation in groundwater. The coliforms bacteria can multiply where leachate enters an oxygenated system. Stuart and Klinck, (1999) , found that when leachate was diluted with the bacteria-free groundwater there was an increase in the number of thermo tolerant coliforms and the bacteria were able to survive for up to two weeks under laboratory conditions. This shows a more critical problem. Thus the presence of faecal contamination is an indicator that a potential health risk exists for individual exposed to this water. The problem of high pathogenic contamination in groundwater may be attributed to the non availability of sewer lines in Dhanbad and due to percolation of sewage discharged by the residents in open areas. The sample S3 had a coloration of pale yellow which points towards the serious contamination of the groundwater. Since the location of S3 was down stream to the dump of vegetable and meat market the chances of organic and pathogenic contamination of groundwater was high. As predicted, a high amount of total coliforms (>1600) were observed in the sample. Similarly COD value of 192 mg l -1 showed some organic contamination in the water. On heavy metal analysis Mn was found around 0.79 mg l -1 , which was significantly high. Fe was reported near 0.104 mg l -1
. Though Mn does not show any toxic effect in ground water, but high values may impart taste and color. The concentration of Fe also contributes in coloration. Na + and K + concentrations were reported as slightly high, 61.2 mg l -1 and 4.22 mg l -1 respectively. In comparative study of the groundwater quality near dumping sites to the groundwater at control site (S4) at Indian School of Mines, Dhanbad, most of the above parameters discussed were found within the prescribed limit of drinking water standards IS:10500 (2012). Hence, it is imperative that the groundwater quality in vicinity to dumping sites have deteriorated due to the percolation of leachate from dumping sites. Figure 3 -7 shows the comparison of groundwater quality with the quality of leachate by bar chart diagrams. It may be inferred that TDS, hardness, chloride, sulfate, COD and metals like sodium, calcium, cadmium, copper, nickel, iron, zinc and manganese, in groundwater, have increased due to percolation of leachate from unlined dumping areas in the city of Dhanbad. Moreover, high MPN values in groundwater indicate leaching of toxic wastewater in subsurface.
Comparing the water quality parameters of Sample 1,2,3 with sample 4 reveals that high levels of TDS, conductivity, chlorides, sulfates, COD, sodium, cadmium, copper, nickel, iron and manganese has been due to the MSW dumping activities in the area. Groundwater in Dhanbad is generally hard and hence high values of total hardness, calcium and magnesium ions cannot be attributed to the contamination by leachate percolation (Chatterjee et al., 2010) . However high values of MPN in groundwater samples pose a serious threat to the local population and may be due to percolation of toxic leachates from dumping sites. 
Conclusions
The study of ground water quality has revealed the toxic effects of leachate percolation in ground water and the ground water quality, near the dumping sites, does not conform to the drinking water quality standards as per IS:10500 (2012). However, groundwater quality in a control area, far away from dumping sites, shows no significant impact except hardness and alkalinity, which may be due to geological strata of the region. Therefore, scientific disposal of MSW is the need of the hour along with the proper facility for leachate treatment. It may be concluded that the ground water in and around the landfill sites shall not be used for drinking purposes unless it is properly treated and conforms the drinking water quality standards. 
